This study aimed to determine bioavailable heavy metal concentrations (As, Cd, Co, Cu, Cr, Ni, Pb, Zn) and their potential sources in classroom dust collected from children's hand palms in Rawang (Malaysia). This study also aimed to determine the association between bioavailable heavy metal concentration in classroom dust and children's respiratory symptoms. Health risk assessment (HRA) was applied to evaluate health risks (non-carcinogenic and carcinogenic) due to heavy metals in classroom dust. The mean of bioavailable heavy metal concentrations in classroom dust found on children's hand palms was shown in the following order: Zn (1.25E + 01 μg/g) > Cu (9.59E-01 μg/g) > Ni (5.34E-01 μg/g) > Cr (4.72E-02 μg/g) > Co (2.34E-02 μg/g) > As (1.77E-02 μg/g) > Cd (9.60E-03 μg/g) > Pb (5.00E-03 μg/g). Hierarchical cluster analysis has clustered 17 sampling locations into three clusters, whereby cluster 1 (S3, S4, S6, S15) located in residential areas and near to roads exposed to vehicle emissions, cluster 2 (S10, S12, S9, S7) located near Rawang town and cluster 3 (S13, S16, S1, S2, S8, S14, S11, S17, S5) located near industrial, residential and plantation areas. Emissions from vehicles, plantations and industrial activities were found as the main sources of heavy metals in classroom dust in Rawang. There is no association found between bioavailable heavy metal concentrations and respiratory symptoms, except for Cu (OR = 0.03). Health risks (non-carcinogenic and carcinogenic risks) indicated that there are no potential non-carcinogenic and carcinogenic risks of heavy metals in classroom dust toward children health.
Introduction
Urbanisation and industrialisation process has transformed rural lands into housing, commercial and industrial areas in urban areas (Wong et al. 2006; Han et al. 2014) . High amount of dust is expected to be released by industrial and road traffic activities. There is much evidence to show that dust acts as a pathway for the exposure of people, especially children (Meza-Figueroa et al. 2007; Ali et al. 2012; Lu et al. 2014; Olujimi et al. 2015; Praveena et al. 2015) . It is important to study the presence of heavy metals in dust due to their nondegradable properties, high toxicity and adverse effects on humans . Indoor dust requires attention as the United States Environmental Protection Agency (USEPA 2017) has indicated that the pollutant level indoors is two to five times higher than outdoors. Classroom dust which considered as indoor dust could be a major pathway that exposes children to heavy metals as children spend most of their time at school instead of at home (Almeida et al. 2011) . Children can be exposed to heavy metals in classroom dust through
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Electronic supplementary material The online version of this article (https://doi.org/10.1007/s11356-018-3396-x) contains supplementary material, which is available to authorized users. ingestion, dermal contact and inhalation (Almeida et al. 2011; Popoola et al. 2012) . Children are more vulnerable to heavy metals in dust because of their hand-to-mouth behaviour, crawling action and high respiratory rate, which increases the risk of children ingesting heavy metals in dust (Tong and Lam 2000) and causes them to breathe in more polluted air than adults (Tong and Lam 2000; Lu et al. 2014) .
Studies on classroom dust have been conducted in the school environment such as in China Cao et al. 2015) , Hong Kong (Tong and Lam 1998) , Mexico (Meza-Figueroa et al. 2007 ), Nigeria (Poopola et al. 2012; Olujimi et al. 2015) and Malaysia (Tahir et al. 2007; Yap et al. 2011; Darus et al. 2012; Latif et al. 2014; Praveena et al. 2015) . These past studies have shown that high heavy metal concentrations are present in classroom dust samples from schools located in industrial vicinities and heavy traffic areas, and these can have adverse effects on the health of children (Meza-Figueroa et al. 2007; Tahir et al. 2007; Darus et al. 2012; Poopola et al. 2012; Olujimi et al. 2015; Praveena et al. 2015) . These past studies also found that exposure to heavy metal is related to children's respiratory symptoms (Jarup 2003; Zeng et al. 2016 ). Higher prevalence of respiratory symptoms such as coughing was reported by Zeng et al. (2016) among children who stayed near an e-waste recycling area in China. Parental smoking status and history of family respiratory health were also found to influence children's respiratory symptoms such as sneezing, coughing, wheezing, phlegm secretion and asthma attack (Golshan et al. 2002) . Health risk assessment (HRA) is a tool of estimating carcinogenic and non-carcinogenic risks of particular pollutants through ingestion, inhalation and dermal contact pathways (Luo et al. 2012) . Health risk assessment (HRA) has been applied for heavy metal concentration in various environmental studies involving different types of samples such as drinking water, soil and dust (Muhammad et al. 2011; Luo et al. 2012; Huang et al. 2014; Lu et al. 2014; Cao et al. 2015; Olujimi et al. 2015; Praveena et al. 2015; Yuswir et al. 2015; Mirzabeygi et al. 2017; Praveena and Aris 2018) . However, most of health risk assessment has been applied using total heavy metal concentration Cao et al. 2015; Olujimi et al. 2015; Praveena et al. 2015; Praveena and Aris 2018) . By using total heavy metal concentration, the health risks (carcinogenic and non-carcinogenic risks) were overestimated due to the total solubility of heavy metals in samples, as heavy metals cannot fully enter and be absorbed by human body in the real situation (Luo et al. 2012) . Thus, it is recommended that bioavailable form of heavy metal concentration is used in HRA application (Luo et al. 2012; Huang et al. 2014) . Various methods available to obtain bioavailable form of heavy metal concentration which are through in vitro digestion model which imitate human digestive system such as Simplified Bioaccessibility Extraction Test (SBET), Physiologically Based Extracti on Test (PBET), Bioaccessibility Research Group of Europe (BARGE), Invitro Gastrointestinal Method (IVG) and RIVM in-vitro digestion model from Dutch National Institute for Public Health and the Environment and in-vivo experiment which involves animals (Oomen et al. 2003; Turner 2011; Yuswir et al. 2013) . Among these methods, PBET has been used widely because PBET mimic the main processes in human gastrointestinal tract including oral, stomach and intestinal phases to determine the actual solubility of heavy metals in human body with a lower cost and fast replicates compared to in vivo experiment (Oomen et al. 2003; Luo et al. 2012; Huang et al. 2014 ).
In Malaysia, previous studies on classroom dust involved the collection of dust samples from window sills, fans or corners of classrooms (Tahir et al. 2007; Yap et al. 2011; Darus et al. 2012; Latif et al. 2014; Praveena et al. 2015) , which can be misleading regarding the actual amount of dust that comes into direct contact with children. Although Latif et al. (2014) studied the total heavy metal concentration in dust collected from the palms of children, the determination of the total heavy metal concentration involving the use of a combination of acids such as aqua regia (combination of nitric acid and hydrochloric acid) can over-extract the maximum amount of heavy metal from the dust sample and lead to overestimation of the actual health risks (Luo et al. 2012; Okoro et al. 2012) . On the other hand, the determination of the bioavailable heavy metal concentrations via in vitro digestion model (PBET), which imitates the conditions in the stomach and intestines, shows the actual fraction of heavy metals absorbed by the human gastrointestinal tract (Turner 2011; Huang et al. 2014; Yuswir et al. 2015) . Studies conducted in Malaysia (Tahir et al. 2007; Yap et al. 2011; Darus et al. 2012; Latif et al. 2014; Praveena et al. 2015) through the determination of the total heavy metal concentration found high heavy metal concentrations in classroom dust in urban areas. However, studies on obtaining the right heavy metal form in classroom dust to be incorporated with health risks in Malaysia are scarce. To date, only Praveena et al. (2015) have conducted a health risk assessment of children at a school located in Sri Serdang, Selangor, Malaysia, although the health risk assessment was done using total heavy metal concentration. Therefore, it is crucial to determine the health risks to children using the bioavailable heavy metal concentrations to obtain realistic estimations of the daily intake and health risks posed to children.
Therefore, this study aimed to determine bioavailable heavy metal concentrations (As, Cd, Co, Cr, Cu, Ni, Pb, Zn) and potential sources of heavy metals in classroom dust collected from children's hand palms in Rawang. Besides, it also aimed to determine the association between bioavailable heavy metal concentration in classroom dust and children's respiratory symptoms. Lastly, this study also evaluated health risks (noncarcinogenic and carcinogenic risks) of heavy metals in classroom dust that are posed on children through health risk assessment (HRA). The findings of this study can provide more realistic quantitative information on heavy metal concentrations in classroom dust and health risk information in school environment via in vitro digestion model, thus alert the public to make the effort in sustaining children health because long-term exposure to heavy metals brings adverse health effects to children.
Materials and methods
This study took place in Rawang, an urban area situated at 3°20′ N and 101°35′ E in the district of Gombak, Selangor, Malaysia. Rawang has tropical climate (temperature ranged from 22 to 32°C) without seasons as Malaysia located near to equator. The average annual temperature and rainfall in Rawang are 27.3°C and 999.9 mm, respectively. April is the warmest month, with average maximum temperature at 33°C, whereas June is the driest month with the lowest average rainfall, 127 mm. The hot and dry climates enhance dust emissions as the wind spread the dust from the ground and transporting the dust to atmosphere. Less precipitation or rainfall will cause the dust to remain or suspend within atmosphere. Dust emissions can be reduced through rainfall because precipitation of dust occurred during cloud formation as atmospheric dusts act as "seeding" sites for collision and coalescence of small fine particles and liquid droplets, which then turns into raindrops (Cotton and Pielke 2007) . Rawang was selected for this study because of its rapid development in industrial and automobile activities due to the increment of population. Between 1986 and 1990, the Fifth Malaysia Plan (RMK-5) had encouraged the growth of light industrial parks, and this increased the flow of urbanisation in Rawang (Ibrahim et al. 2016 ). According to Angel et al. (2014) , the population of Rawang had grown drastically since 1989, reaching 236,967 in 2014. Moreover, the urban extension of Rawang had been growing at an average rate of 12.3%, resulting in 9220 ha of urban areas in 2014 (Angel et al. 2014) . Intensive developments in Rawang, including agricultural (oil palm plantations), residential areas, commercial (shopping malls, shops), transportation (trains), highway constructions (North-South Expressway, Guthrie Corridor Expressway, Kuala Lumpur-Kuala Selangor Expressway, Rawang-Serendah Highway) and industrial parks involving manufacturing, logistics, chemicals, quarrying and construction, have turned Rawang into one of the towns with the most rapid urbanisation in Malaysia (Praveena and Aris 2018) .
Dust sampling
Classroom dust samples were collected from children's hand palms at 17 selected primary schools (Fig. 1 ) from April to June 2016. Three children were selected randomly from each school to obtain classroom dust from their palms. A total of 51 classroom dust samples were collected from 17 selected primary schools. Table 1 shows the coordinates and description of the 17 sampling locations.
The procedure for the collection of dust from the palms of the children was adopted and modified from Latif et al. (2014) and the NIOSH 9100 method (NIOSH 1996) . Classroom dust was collected from the palms of children to show the actual amount of dust that came into contact with the children compared to collecting dust from fans, floors or walls in the classroom . The hand-to-mouth behaviour of children increases the chances of them indirectly ingesting, inhaling and coming into dermal contact with the heavy metals present in the classroom dust that had adhered to their palms (Tong and Lam 1998) . Wet tissues were used to wipe the dust off the palms of the children because these can trap more dust compared to dry tissues (Shorten and Hooven 2000) . The classroom dust from the children's palms was collected before they had their breakfast break at school to avoid altering the dust content when the children washed their hands. At the start of the experiment, the first three wipes from the wipe package were discarded to ensure that the wipes were not contaminated. Next, powderless gloves were worn, and the children's palms were wiped thrice repeatedly in a horizontal and vertical "S" shape motion. The wipes with the dust samples were then folded inward and placed in a clearly labelled centrifuge tube. All the wipes were stored at room temperature to prevent the moisture in the wet tissues from vaporising and diluting the heavy metal concentrations in the dust.
Bioavailable heavy metal concentrations in dust collected from children's palms
A physiologically based extraction test (PBET) adapted from Yuswir et al. (2015) was used to determine the bioavailable heavy metal concentrations in classroom dust. A gastric solution was prepared by adding 3 mL of NaCl, 0.5 g of malate, 0.43 mL of lactic acid, 0.5 mL of acetic acid and 1.25 g of pepsin (Sigma Chemical Co.) into 1 L of deionised water. Then, the pH was adjusted to 1.5 using 12 M hydrochloric acid. The wipe samples containing dust from the children's palms were weighed before being cut into small pieces for the digestion of the samples. The pieces of wipes were put into a 50-mL centrifuge tube. Next, 30 mL of the prepared gastric solution was added to the centrifuge tube and shaken with a Heidolph Unimax 1010 incubator shaker at 55 rpm for 1 h at 37°C. After an hour, the simulation of the gastric condition was changed into that of the intestinal condition at pH 7.0 by adding 1 M NaOH, 0.06 g of porcine bile extract and 0.018 g of porcine pancreatin (Sigma Chemical Co.) into the same centrifuge tube. During the simulation of the intestinal condition, the mixture was shaken continuously by the same incubator shaker above at 55 rpm for 4 h at 37°C. The mixture was then subjected to centrifugation using an Eppendorf Centrifuge 5702 at 3300 rpm for 10 min to separate the solution from the pieces of wipes. The supernatant of the mixture was filtered using a 0.45-μm Millipore filter to reduce the effect of any microbial activity, and it was then stored in a 15-mL centrifuge tube at 4°C. Finally, the filtered supernatant was analysed using a Perkin Elmer ELAN DRC-e Inductively Coupled Plasma Mass Spectrometer (ICPMS) to determine the bioavailable heavy metal concentrations in the dust from the wipes.
For quality assurance and quality control, all the glassware was soaked in 10% nitric acid overnight and was then rinsed with deionised water three times before the sample analysis. The Perkin Elmer ELAN DRC-e ICPMS was calibrated using the Perkin Elmer Multi-elements Calibration Standard 3. Blank samples (deionised water) were also analysed to determine any possible contamination from contaminated apparatus and chemicals. Table 2 shows detection limit using method blank and recovery information of Perkin Elmer ELAN DRC-e ICPMS using Standard Reference Material (SRM) 2711a Montana II soil. Recovery rates for As, Cr, Cu and Zn are 99%, 98.9%, 96% and 105%, respectively, which falls in the acceptable range (85 to 115%), indicated that no significant loss or contamination of tested samples during sample analysis (USEPA 1994). Moreover, powderless gloves were worn during the digestion and analysis of the samples to avoid sample contamination.
Questionnaire
A self-made questionnaire consisting of 35 questions was designed based on a standardised questionnaire for children by the American Thoracic Society, and studies by Tsai et al. (2006) and Pan et al. (2010) , as these questionnaires were reliable and valid in determining children's respiratory symptoms. Pre-testing was carried out with a similar population in a different area before the actual study to ensure that the respondents understood the questions. This pretesting involved 127 primary school children aged 10 to 12 in Kepong, Selangor, Malaysia. Reliability of the questionnaire was acceptable as the Cronbach's alpha value for the pre-test was 0.79, which is acceptable for questionnaire reliability (Tavakol and Dennick 2011) . The questionnaire comprised three parts, namely: children's sociodemographic information (age, weight, height, gender), children's respiratory health condition in early life and children's respiratory health information (cough, phlegm, shortness of breath, wheezing, asthma). Children's respiratory health information was used to obtain details of children's chest trouble over the past 3 months (cough, phlegm, shortness of breath, wheezing), for acute respiratory symptoms and respiratory health conditions over the past 2 years (wheezing, asthma, sensitivity to allergens) for chronic respiratory symptoms. The questionnaire was answered by the children's parents or guardians. A participant information sheet and a consent form were attached to the questionnaire to provide information on this study and to obtain consent from the children's parents. In total, 162 
Data analysis
Data analysis was carried out using the Statistical Package for the Social Sciences (SPSS) version 20.0 to obtain the descriptive statistics (minimum, maximum, mean and standard deviation of the bioavailable heavy metal concentrations in classroom dust). Cluster analysis (CA) was applied to identify the sources of bioavailable heavy metal concentrations in the classroom dust collected from children's palms. Cluster analysis is a multivariate analysis that is used to determine relatively homogeneous groups within variables through a combination of datasets without knowing the group membership (Sarstedt and Mooi 2014) . Hierarchical cluster analysis is the most common cluster analysis method for making an approximation in the procedure to standardise the dataset values before combining similar cases into the same cluster group by considering the distance and linkage between the cases (Yim and Ramdeen 2015) . Ward's method was implemented in this study to find a combination of similar cluster groups by minimising the dispersion within the groups (Murtagh 2014) . The amalgamation and correlation between the variables of new cluster groups can be seen in a dendrogram by looking from left to right. The shorter the line, the more similar the cases are in the newly formed cluster group (Sarstedt and Mooi 2014) .
For questionnaire analysis, Kolmogorov-Smirnov test showed that the data were not normally distributed, and thus, non-parametric tests were applied. Multivariate logistic regression was used to determine the association between bioavailable heavy metal concentrations in classroom dust and children's respiratory symptoms (cough, phlegm, shortness of breath, wheezing, asthma). Results of multivariate logistic regression analysis were reported using odds ratio (OR) and 95% confidence interval (CI). The OR of more than one resulted in positive effects of variables towards children's respiratory symptoms, and vice versa for OR of less than one. The 95% CI provided lower and upper limits, with the true value lying within the range and giving information about the direction and strength of variables towards children's respiratory symptoms. 
Health risk assessment
Health risk assessment (HRA) is used to estimate the risk of posing potential adverse health effects to humans through their exposure to contaminants (Luo et al. 2012; Lu et al. 2014; Praveena et al. 2015) . There are four key elements in HRA, namely, hazard identification, exposure assessment, doseresponse assessment and risk characterisation (Luo et al. 2012) . According to the classification by the International Agency for Research on Cancer, As, Cd, Cr and Pb are classified as both potential non-carcinogenic and carcinogenic elements, whereas Co, Cu, Ni and Zn are grouped as noncarcinogenic elements. Heavy metals can enter the human body through ingestion, dermal contact and inhalation of particles with heavy metal contamination (Huang et al. 2014; Lu et al. 2014 ). The equations for average daily dose (ADD) (mg/kg/ day) of heavy metals via ingestion, dermal contact and inhalation were adapted from USEPA (2011).
where C is the concentration of heavy metals (mg/kg); IngR, the ingestion rate (mg/day); SA, the surface area of the skin exposed to heavy metals (cm 2 ); AF, the skin adherence factor (mg/cm 2 /day); ABS, the dermal absorption factor (mg/cm 2 ); InhR, the inhalation rate (m 3 /day); PEF, the particle emission factor (m 3 /kg); EF, the exposure frequency (days/year); ED, the exposure duration (year); BW, the body weight (kg); AT, the average time (days); and CF, the conversion factor. The parameters of average daily dose (ADD), reference dose (RfD) and cancer slope factor (CSF), which were obtained from the Exposure Factors Handbook (USEPA 2011), Integrated Risk Information System (USEPA 2012) and the United States Department of Energy (USDOE 2011) can be found in Supplementary Material file.
The hazard quotient (HQ), which is used to determine the non-carcinogenic risk to children during a lifetime, can be calculated by dividing the ADD from each exposure pathway by a specific reference dose (RfD), as shown in Eq. 4, where ADD is the average daily dose and RfD is the estimated maximum permissible risk posed to humans through daily exposure. Hazard index (HI), as shown in Eq. 5, is the sum of the HQs for all the three exposure pathways (ingestion, dermal contact, and inhalation), which indicates the cumulative non-carcinogenic risk for children. HI value of more than one indicates that there is a significant non-carcinogenic risk posed to human health.
Hazard quotient HQ
ð Þ ¼ ADD=RfD ð4Þ
The lifetime cancer risk (LCR) is used to predict the carcinogenic risk to children by multiplying the ADD and SF, as shown in Eq. 6, where ADD is the average daily dose and SF is the slope factor for cancer. Equation 7 shows the total lifetime cancer risk (TLCR) that sums up all the LCRs calculated for ingestion, dermal contact and inhalation. The acceptable TLCR for carcinogenic risk is within the range of 1 × 10 
Results and discussion
Bioavailable heavy metal concentrations and source of heavy metals in classroom dust collected from children's palms Table 3 shows the bioavailable heavy metal concentrations in classroom dust samples found on the palms of children from 17 primary schools in Rawang, Selangor, Malaysia. The order of the mean bioavailable heavy metal concentrations was shown as Zn (1.25E + 01 μg/g) > Cu (9.59E-01 μg/g) > Ni (5.34E-01 μg/g) > Cr (4.72E-02 μg/g) > Co (2.34E-02 μg/g) > As (1.77E-02 μg/g) > Cd (9.60E-03 μg/g) > Pb (5.00E-03 μg/g). Four of the highest bioavailable heavy metal concentrations were found at the sampling location S5, namely, As (5.44E-02 μg/g), Co (9.16E-02 μg/g), Cu (2.64E + 00 μg/g) and Zn (4.41E + 01 μg/g), followed by the sampling location S17, with the highest bioavailable heavy metal concentrations of Cr (1.83E-01 μg/g) and Ni (2.88E + 00 μg/g). The highest Cd concentration (2.96E-02 μg/g) was found at the sampling location S16, while the highest Pb concentration was found at the sampling location S11 (1.55E-02 μg/g). The heavy metals found in these sampling locations can be related with the fact that Rawang is a very developed area and highly populated with industrial, agricultural and traffic activities Ong et al. 2015) . The industrial parks include small, medium, and heavy industries located in northern and southern Rawang (World Wildlife Fund 2005) . Heavy metals can accumulate in dust and be brought into classrooms through wind dispersion (Abdul Wahab et al. 2012; Latif et al. 2014; Sulaiman et al. 2017) . All the classrooms in this study have an open mechanical ventilation system that encourages the accumulation of heavy metals in classroom dust from outdoor sources (Darus et al. 2011) . The fans in the classrooms circulate the air, and the open windows naturally facilitate the dust from outdoors to be blown into the classrooms though wind dispersion (Atkinson et al. 2007 ). The wind-blown contaminated dust enters the classrooms through natural ventilation (open windows and doors) and is then deposited on the desks, windows, floors and chairs, thereby exposing the children to heavy metals in the dust through inhalation, ingestion and dermal contact of the dust when it adheres to their palms Mohamad et al. 2016) . The hand-to-mouth behaviour of children puts them at a higher risk of exposure to heavy metal contamination through classroom dust as they can unintentionally ingest the dust that adheres to their palms (Tong and Lam 1998; Latif et al. 2014 ). Turner (2011) and Yuswir et al. (2013) stated that the ingested dust would go into the digestive system of the children, which involves the stomach and intestines, thereby causing the absorption of heavy metals and their circulation to the whole body through the bloodstream. In comparison to heavy metals found in classroom dust from previous studies (Table 3) , this study has the lowest heavy metal concentration in classroom dust. The reason that the present study presents the bioavailable form of heavy metal concentrations obtained through in vitro digestion model while others reported total heavy metal concentrations digested using acid mixtures. Figure 2 shows the sampling location clustering to understand the potential heavy metal concentration sources found in classroom dust. The sampling locations were clustered into three groups, whereby cluster 1 consisted of sampling locations S3, S4, S6 and S15; cluster 2 included sampling locations S10, S12, S9 and S7; and cluster 3 comprised S13, S16, S1, S2, S8, S14, S11, S17 and S5. The sampling locations in cluster 1 were located in residential areas and near to roads exposed to vehicle emissions. The sampling locations in cluster 2 were located near Rawang town, with its rapid growth of industrial and populated areas close to a cement factory (Lafarge Rawang Plant). The sources of heavy metals in cluster 2 were from industrial and road traffic activities. The sampling locations in cluster 3 were located near industrial, residential and plantation areas.
Vehicle emissions were found to be one of the sources of heavy metal concentrations in classroom dust. Similarly, Darus et al. (2012) and Latif et al. (2014) reported that in Malaysia, vehicle emission is the major source of accumulation of heavy metals in indoor dust. The population growth has caused an increase in the volume of traffic on the roads in Rawang. According to statistics compiled by the Malaysian Ministry of Works, Highway Planning Division (2015), there has been an increase of 5.48% in the annual growth rate of road traffic volume on the highways in Rawang. The road traffic volume increases with the increase in the number of vehicles. Emissions from vehicles, such as from the usage of lubricant oils, car component collisions, wear of tyres, brake pads and engines, are the sources of Cu, Cr, Ni, Pb and Zn (Darus et al. 2011; Latif et al. 2014; Sulaiman et al. 2017) concentrations. Past studies have shown that vehicle emissions are the main contributors of Pb in indoor dust (Tong and Lam 1998; Tahir et al. 2007; Yap et al. 2011; Praveena et al. 2015) . However, the Pb concentration in the present study was found to be lower compared to past studies (Tong 1998; Tahir et al. 2007; Yap et al. 2011; Darus et al. 2012; Chen et al. 2014; Latif et al. 2014; Lu et al. 2014; Praveena et al. 2015; Sulaiman et al. 2017) . The ban on the usage of leaded petrol in the early 1990s in Malaysia was related to the low Pb concentration in unleaded petrol, which helps to reduce knocking in car engines, and the low release of Pb due to the absence of Pb compounds in unleaded petrol (Kamalakkannan 2002; Praveena et al. 2015) .
The Lafarge cement plant in Rawang is an integrated plant that includes limestone quarrying, grinding, kilning, clinkering and packaging processes (Lafarge Malaysia 2004) . Several studies reported high heavy metal concentrations in places in the vicinity of cement factories (AlKhashman and Shawabkeh 2006; Mandal and Voutchkov 2011; Ogunkunle and Fatoba 2014) . Studies completed by Schembri et al. (2010) and Ogunbileje et al. (2013) found that cement dust contains heavy metals, which can be released into the environment during the mixing of the raw materials and the combustion process (kilning and clinkering) in cement production (Cipurkovic et al. 2014; Narayanan 2016) . The addition of waste materials containing lime, aluminate, silicate and iron in cement production for cost production sustainability can introduce heavy metals into the atmosphere during high-temperature combustion (Ogunbileje et al. 2013; Cipurkovic et al. 2014; Halim et al. 2018) . Gearhart et al. (2003) reported that the automobile industry is responsible for the release of heavy metals, especially Pb, starting from car manufacturing, recycling and disposal of automobile components (car batteries). The car lead-acid batteries release Pb during mining and smelting of Pb-bearing mineral ores in the manufacturing process, while Pb fumes are released into the atmosphere during heating and melting process in batteries recycling, disposal and remanufacturing process (Van der Kujip et al. 2013) . In addition, the usage of fertilisers and pesticides at oil palm plantation areas in cluster 3 can be a source of heavy metal concentrations in dust. Ali et al. (2012) found that the long-term application of phosphate fertilisers in oil palm plantations tends to increase Cd and Zn concentrations in soil. Small-sized particles in the atmosphere have a greater tendency to combine and accumulate with soilderived elements (Mohamed et al. 2013) . The contaminated particulate matter will then be deposited in dust through atmospheric deposition, suspension and sedimentation, and this dust will later be brought indoors and will come into contact with children through ingestion, dermal contact and inhalation (Tchounwou et al. 2012; Latif et al. 2014) .
Association between bioavailable heavy metal concentrations in classroom dust and children's respiratory symptoms Table 4 shows the socio-demographic information of 162 primary school children from 17 primary schools, with 69 boys and 93 girls participating in this study. The age of the children ranged from 10 to 12, with a mean age of 10.81 ± 0.53. The children's mean height and weight were 138.44 ± 10.83 cm and 36.43 ± 12.20 kg, respectively. A total of 14.2% of the 162 primary school children have suffered respiratory disease in their early life. Table 5 shows the association between bioavailable heavy metal concentrations in classroom dust and children's respiratory symptoms. There was no association found between bioavailable heavy metal concentrations in classroom dust and respiratory symptoms such as cough, phlegm, shortness of breath and wheezing. However, Cu was found to be significantly associated with asthma occurrence (OR = 0.01, p = 0.03) among children in Rawang. Asthma is an airway inflammatory disease, and asthmatic patient tends to have a high level of oxidative stress (Ghaffari et al. 2013) . High Cu concentration was found in the serum among asthmatic patient compared to healthy persons (Vural et al. 2000; Ariaee et al. 2016) . It is because Cu is an anti-oxidant enzyme and plays an essential role during the release of free radical in the oxidative stress process, which can increase the risk of asthma occurrence (Ghaffari et al. 2013) .
Potential health risk of bioavailable heavy metal concentrations to children Figure 3 shows the hazard index (HI) values for noncarcinogenic risks to children. Co had the highest HI value of 4.16E-04, while Pb had the lowest HI value, 7.63E-06. The results showed that the ingestion pathway was the major contributor to non-carcinogenic risks, followed by dermal contact, and then, the inhalation pathway for all the studied heavy metals (As, Cd, Co, Cr, Cu, Ni, Pb, Zn) as children tend to unintentionally ingest dust that adheres to their palms due to their hand-to-mouth behaviour (Tong and Lam 1998; Latif et al. 2014) . Figure 4 shows that there was no carcinogenic risk among the children as the TLCR values were below the incremental lifetime value of 1 × 10-5. The carcinogenic risks of all the carcinogens are shown in increasing order as Pb < Cr < As < Cd. The results for the HI values, which were found to be similar to the TLCR values, were mostly influenced by ingestion, dermal contact and lastly, the inhalation pathway. Similar trends were reported in previous studies by Praveena et al. (2015) and Olujimi et al. (2015) . This is because the handto-mouth behaviour of children increases their tendency to ingest dust, thus increasing the risk of exposure to heavy metals (Tong and Lam 1998; Latif et al. 2014; Sulaiman et al. 2017 ).
Study limitations and recommendations
This study has several limitations. This study only obtained children's respiratory symptoms in Rawang, Selangor, Malaysia through a self-made questionnaire, which could result in recall bias as questions required children's parents to recall events when answering questions. Therefore, lung function test assessment (spirometry) and environmental data such as particulate matter (PM 2.5 and PM 10 ) concentration level, dust particle size, dispersion rate, humidity level and temperature can be added into future studies to understand its association with children's respiratory symptoms. Although the results obtained from the HRA can be used to warn and alert the public about the dangers faced by children in Rawang, Selangor, Malaysia from exposure to heavy metals in classroom dust, the HRA is only able to indicate the potential noncarcinogenic and carcinogenic risks but not the health effects of heavy metals through, for example, disease diagnosis. Thus, a future analysis that incorporates biomarkers can be considered for more comprehensive research associated with the determination of heavy metal concentrations in dust and an assessment of health risks in a school environment. Conclusions Zinc (1.25E + 01 μg/g) was found to have the highest concentration in the present study, followed by Cu (9.59E-01 μg/g), Ni (5.34E-01 μg/g), Cr (4.72E-02 μg/g), Co (2.34E-02 μg/g), As (1.77E-02 μg/g), Cd (9.60E-03 μg/g) and Pb (5.00E-03 μg/g). Hierarchical cluster analysis showed that the locations of the primary schools in Rawang could be grouped into three clusters, where schools in cluster 1 are located in residential areas and near to roads, schools in cluster 2 are located near to Rawang town and a cement factory, while schools in cluster 3 are located near to industrial, residential and plantation areas. Vehicle emissions, combustion due to industrial activities and the usage of fertilisers in plantation activities in Rawang are the main potential sources of heavy metals accumulated in classroom dust, as the highest concentration of As (5.44E-02 μg/g), Co (9.16E-02 μg/g), Cu (2.64E + 00 μg/g), Zn (4.41E + 01 μg/g), Cr (1.83E-01 μg/g), Ni (2.88E + 00 μg/g), Cd (2.96E-02 μg/g) and Pb (1.55E-02 μg/g) were reported at sampling locations S5, S11, S16 and S17 in cluster 3. There was no association found between bioavailable heavy metal concentration and children's respiratory symptoms (cough, phlegm, shortness of breath, wheezing) except for Cu. Copper (OR = 0.01, p = 0.03) was found to be significantly associated with children's asthma occurrence because Cu tends to induce airway inflammation and asthma. The health risk assessment showed that no potential noncarcinogenic and carcinogenic risks to the children were found in this study area. The HI values for non-carcinogenic risk were shown in the order Co (4.16E-04) > As (3.15E-04) > Zn (2.23E-04) > Ni (1.43E-04) > Cu (1.38E-04) > Cr (8.40E-05) > Cd (5.13E-05) > Pb (7.63E-06), while TCLR values for carcinogenic risk were shown as Cd (1.30E-07) > As (5.69E-08) > Cr (5.06E-08) > Pb (9.11E-11). The findings of this study showed that an indoor environment, such as in a school, can be a medium for the exposure of children to heavy metals, especially in urban areas. Heavy metals can bring adverse health effects to children. Thus, it is important to monitor children's health status at places in the vicinity of industries to ensure that the children are protected from long-term exposure to heavy metals, which can induce irreversible health effects on them.
